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AN EXPERIMENTAL CLANDESTINE GRAVE: ANALYSIS OF 
POSTMORTEM FRACTURES AND REMAINS DISTRIBUTION OF AN 
 INTENTIONAL BACKHOE REINTERMENT 
 
JAMIE L. GILLIGAN 
ABSTRACT 
Throughout history and around the globe millions of people have succumbed to 
genocide, war crimes, and massacres. The victims of these atrocious events are often 
buried together in mass numbers. Perpetrators avoiding detection, often utilize heavy 
machinery including, but not limited to, bulldozers, dump trucks, track hoes, and 
backhoes, to generate these mass burials.  These machines can be employed in the 
primary burial process as well as the secondary burial process. The utilization of heavy 
machinery in intentional reinterment and primary burials is well documented in human 
rights crimes in Bosnia and Herzegovina, Rwanda, Iraq, Syria, and Cambodia. The use of 
heavy machinery in the intentional or unintentional excavation of human remains causes 
postmortem breakage to bone. This destructive process occurs due to accidents, 
construction activity, as well as a means to destroy and conceal evidence.  
This study looks at trauma inflicted from a reinterment of the remains of four 
juvenile Sus scrofa (pig). An experimental mass burial was created at Boston 
University’s Outdoor Research Facility. Months later, the grave was disturbed 
postmortem by a backhoe and transferred to a secondary inhumation site. The 
experimental mass grave was then exhumed following traditional forensic archaeological 
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methodologies and mapped. This study analyzes backhoe taphonomy resulting from an 
intentional reburial of a mass grave and the distribution of remains after a secondary 
burial. The author hypothesizes that disarticulation and fragmentation of remains will 
occur as a result of backhoe burial and significant changes in horizontal and vertical 
plane of remains will occur. The author hypothesizes unique fracturing will occur from 
the trauma inflicted by a backhoe. Finally, the author hypothesizes that the frequencies of 
the number of fractures will differ between bones and the frequencies of fracture types 
will differ between bone types.  
This study shows that the backhoe causes disarticulation and fragmentation of 
remains. The frequency of fractures differed greatly between specimens. This research 
demonstrates that not all bone regions are equally damaged by a backhoe. The observed 
fractures included oblique, transverse, greenstick, posterior shear, mandibular body, 
linear, and diastatic fractures. Unique fracturing did not occur as numerous fractures were 
displayed.  
Additionally, this research is the first of its kind to investigate the effects of heavy 
machinery on clothed buried remains in a controlled environment. This study is also the 
first of its kind to investigate remains dispersal of known location in a primary and 
secondary burial in a controlled setting. Understanding how the compression, shear, and 
torsion forces from heavy machinery affect buried remains is of importance in today’s 
world. Many mass graves exist which have documentation that victims were buried with 
heavy machinery. These burials are still awaiting in-country stability for the exhumation 
of these mass graves. The author believes this research may aid in documenting war 
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crimes and human rights violations. Unfortunately, genocide, war crimes, massacres, and 
mass inhumations are not terminating and the need for understanding the spatial 
distribution of remains in primary and secondary burials is pertinent for bringing voices 
to victims and families. 
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CHAPTER 1:  INTRODUCTION 
 
 The use of heavy machinery in the intentional or unintentional excavation of 
human remains causes postmortem breakage to bone. This destructive process occurs due 
to accidents, construction activity, as well as a means to destroy and conceal evidence. 
Perpetrators avoiding detection, often utilize heavy machinery including, but not limited 
to, bulldozers, dump trucks, track hoes, and backhoes.  These machines can be employed 
in the primary burial process as well as the secondary burial process. The use of heavy 
machinery in intentional reinterment and primary burials is well documented in human 
rights crimes in Bosnia and Herzegovina, Rwanda, Iraq, Syria, and Cambodia (Haglund 
et al., 2001; Haglund, 2002; Manning, 2000; Skinner and Conner, 2002; Wright et al., 
2005). 
 
Genocide, War Crimes, and Human Rights Violations  
Across the globe and throughout history, millions of people have succumbed to 
genocide, war crimes, and massacres. The victims of these atrocious events are often 
buried together in mass numbers. In some cases, perpetrators will exhume and reinter 
remains at a different grave location, creating a clandestine burial (Vanezis, 1999). A 
clandestine burial is defined as an unmarked grave created for the purpose of destroying 
or concealing evidence (Komar, 2008). These human remains are documented to be 
excavated haphazardly, quickly, and without respect for the deceased (Jessee et al., 
2005).  
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The act of genocide, crimes against humanity, and war crimes are a few of the 
causes of the creation of mass grave sites. Genocide was defined by the United Nations 
during the latter half of the twentieth century.  This term was coined by a Polish man, 
Raphael Lemkin, in 1944. The United Nations defines genocide as acts committed with 
an intent to destroy a national, ethnical, racial, or religious group. This can occur due to 
killing, causing mental or bodily harm, inflicting destructive life conditions, placing 
measures to prevent birth within a group, or transferring children to a subsequent group 
(Hinton, 2002; Morgan, 2011). Genocide was first mentioned during the prosecution of 
Nazi war criminals at the Nuremberg trials in October 1945. The first individual to be 
convicted of the crime of genocide was Rwandan Jean-Paul Akayesu in October 1998 by 
the International Criminal Tribunal of Rwanda (Morgan, 2011; Schmitt, 2002). 
Genocide is differentiated from acts of violence due to the identification of group 
of victims by ethnicity, religious, racial, or nationality. Additionally, there is a mental 
aspect, which demonstrates there is an attempt to destroy a group (Komar, 2008). Crimes 
against humanity do not have this motive. These acts defined by the United Nations, are a 
widespread systematic attack on a civilian population through murder, extermination, 
enslavement, deportation, imprisonment, torture, enforced disappearance, apartheid, and 
any form of sexual violence. War crimes as defined by the United Nations are acts 
committed against people or property as the result of willful killing, torture, willful 
bodily injury, extensive property damage, depriving prisoners of their rights or forcing 
prisoners to fight for opposing forces, deportation, and taking hostages (ICC, 2011).  
 Forensic anthropology has been employed to investigate human rights violations 
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throughout the world. The American Association of the Advancement of Science first 
utilized forensic anthropology in human rights investigations in Argentina in 1984. This 
organization was invited by Argentinians to help exhume and identify the disappeared 
from the Dirty War. This work subsequently led to the founding of the 
Equipo Argentino de Antropología Forense (Argentine Forensic Anthropology Team), a 
pioneering organization in the forensic field. Additionally, during the 1990s, 
anthropologists were utilized more frequently with the establishment of the War Crimes 
Tribunal on forensic science (Steadman and Haglund, 2005). 
Genocides, crimes against humanity, and war crimes can lead to mass 
inhumations. Forensic anthropologists can be instrumental in documenting past atrocities 
through the evaluation of commingled human remains and the circumstances surrounding 
death (Steadman and Haglund, 2005). Unfortunately, mass exhumation protocols are 
lacking for crimes of genocide. The methodology of exhumations are often classified 
information and not released to the public. However, enough exhumations have occurred 
for a protocol to be created but governments across the globe cannot agree on set 
standards (Morgan, 2011). These burials require planning and logistical analysis, an 
exploratory mission, excavation and exhumation, intake and possible autopsy, skeletal 
analysis, and a review with a final report (Morgan, 2011).  
 
Mass Graves and Mass Burials 
Historical mass graves and modern mass burials have been documented and 
exhumed across the continents to expose war crimes and human rights violations. Prime 
examples of this are noted by the exhumations of the Katyn massacre in Smolensk, 
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Russia. The massacre occurred during World War II where Polish nationals were 
executed by the Soviet troops and over 4,143 bodies were interred (Haglund, 2002; 
Haglund et al. 2001). During the Sino-Japanese War in 1937 and 1938, thousands of non-
combatants living in Nanjing of the Republic of China were tortured, raped, executed and 
buried in mass by the Japanese military. The burial location was exhumed during the 
1980s and 1990s and subsequently constructed into a memorial (Haglund et al., 2001). 
Mass graves were exhumed for the investigation of the Argentine military rule from 1976 
to 1983. During this time period over 10,000 individuals disappeared through abduction 
or murder under the dictatorship of General Jorge Rafael Videla (Haglund et al., 2001; 
Haglund, 2002).  
Human rights abuses and mass internments have occurred in the following 
countries: Guatemala (Haglund et al., 2001; Haglund, 2002; Wright et al., 2005), Chile 
(Haglund et al., 2001), Brazil (Haglund et al., 2001), Ethiopia (Haglund et al., 2001), 
Iraq (Haglund et al., 2001; Haglund, 2002;  Wright et al., 2005), Afghanistan (Haglund et 
al., 2001), Ukraine (Haglund, 2002; Wright et al., 2005), Bosnia (Haglund, 2002; 
Manning, 2000, Skinner and Conner, 2002; Wright et al., 2005), Serbia (Wright et al., 
2005), Sierra Leone (Wright et al., 2005), Lithuania (Jankauskas et al., 2005), Mexico, 
the Democratic Republic of Congo (Wright et al., 2005), Somaliland (Haglund, 2002), 
Indonesia (Haglund, 2002), Rwanda (Haglund, 2002), Croatia (Haglund, 2002), 
Kurdistan (Haglund, 2002), El Salvador (Haglund, 2002), Kosovo (Haglund, 2002), and 
East Timor (Haglund, 2002).  
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Primary Burials 
 
 There are three forms of burial: primary, secondary, and multiple. A primary 
burial is denoted as the original deposit of remains. Individuals can be placed in flexed, 
semi-flexed, or extended positions in primary burials. An individual in a flexed position 
is interred in the fetal position. An extended burial position is denoted when an individual 
is interred prone, supine, or on the side in a relatively straight line. A semi-flexed burial 
position falls in between a fetal position and when the spine and long bones are in a 
straight line. Remains may be deposited in a haphazard manner but remains will be 
articulated through soft tissue (Jessee and Skinner, 2005).  
The primary inhumation site may or may not be the actual execution site. 
Evidence of execution, if not in the primary burial, is likely in close proximity to the 
primary site. No noticeable decomposition disruptions are present at a primary burial 
location (Jessee and Skinner, 2005). Limb placement of the individual can give the 
investigator information in regards to the forensic context (Dupras et al., 2011; Jessee 
and Skinner, 2005; Haglund et al., 2001). As Dupras et al. (2011), Haglund et al. (2001), 
and Jessee and Skinner (2005) noted, arms placed behind the back may imply the hands 
of the individual were bound behind their back. Limbs may also display defense wounds 
or demonstrate signs of torture.   
A temporary surface deposition may occur prior to a primary burial. This 
temporary deposition occurs when victims are placed on the ground surface while 
awaiting heavy machinery or personnel and man power to inter the victims in a primary 
burial (Jessee and Skinner, 2005). 
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Secondary Burials 
 
 Another form of burial is a secondary inhumation. This type of burial is the result 
of remains moved from the original burial location. This is also defined as the movement 
of remains following decomposition and taphonomic processes (Dupras et al., 2011; 
Jessee and Skinner, 2005; Komar, 2008). Characteristics of a secondary inhumation site 
include disarticulated and commingled remains, mixed soil types, and unusual stages of 
decomposition.  These sites exhibit remains in disarray, incorrect anatomical positioning, 
lack complete skeletons, and some teeth may be absent (Roksandic, 2002; Skinner et al., 
2003; Tuller et al., 2008). Secondary deposits may lack bones that generally preserve 
well such as long bones. These types of bones would be expected in a primary burial but 
are not always found in a secondary deposition (Roksandic, 2002).  
Spatial analysis of remains within a primary or secondary mass burial can aid in 
greater identification accuracy. However, this type of analysis tends to be more accurate 
in a primary deposition when compared to a secondary deposition (Tuller et al., 2008). 
Soil description and stratigraphy play important roles in identifying secondary burials. 
Soil from the primary burial may be present in the secondary burial (Wright et al., 2005). 
The secondary location is often a clandestinely created site, however does not have to be. 
A secondary burial by kin or friends to a new location may aid in maintaining the respect 
and integrity of the deceased. However, most secondary sites are created to evade 
detection, maintain societal hygiene, or for aesthetic purposes (Komar, 2008). 
 
Heavy Machinery and Burials 
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 Heavy machinery equipment has often been used in the interment of mass graves 
(Jessee and Skinner, 2005; La Republica, 2011; Morgan, 2011; Pérez-Sales and Navarro 
García, 2007; Skinner and Connor, 2002; Skinner et al., 2003; Tuller and Duric, 2006; 
Tuller et al., 2008; Wright et al, 2005). If the gravesite is exhumed correctly, evidence of 
machinery activity can be observed in the grave wall, soil types, and spatial placement of 
individuals (Jessee and Skinner, 2005; Skinner et al., 2003; Tuller and Duric, 2006; 
Wright et al, 2005). These clues will aid the investigator in piecing together a timeline 
and forensic significance of a site.  
Machinery has also been noted to be used during the exhumation processes of 
many mass graves (Blau and Skinner, 2005; Cheetham and Hanson, 2009; Martin et al., 
2014; Ubelaker and Adams, 1995, Wright et al, 2005). Heavy machinery can be used to 
transfer remains from one site to another (Komar, 2008; Long, 2006; Morgan, 2011; 
Tuller et al., 2008; Skinner and Conner, 2002) or simply to excavate a large area 
(Cheetham and Hanson, 2009; Dirkmaat and Adovasio, 1997; Skinner et al., 2003; 
Wright et al., 2005). Machinery is preferred to manual labor for its power, speed, 
efficiency, and accuracy in both forensic and non-forensic contexts.  
 
Archaeology of Mass Graves 
 
 When cases of human rights abuses are investigated, narratives and physical 
evidence must be collected. Victim information must be documented, assembled, and 
returned to the families in a timely manner. The goal of the investigators is to give a 
voice to the victims, expose atrocities in hopes of preventing further horrors, and 
reconstruct activities of the past (Blau and Skinner, 2005; Haglund et al., 2001). Haglund 
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(2002) lists five reasons to exhume mass graves. These include collecting evidence and 
narrative, returning remains to family members, creating documentation to stand up 
against historical revisionists, exposing atrocities, and providing respect for the victims. 
Mass graves are often located through witness testimony. Aerial photography can also be 
a beneficial tool in locating mass graves. The forensic archaeologists and investigators’ 
roles include recognizing disturbed soil, removing soil, and evaluating the need for 
utilizing heavy machinery. If heavy machinery was used in the grave formation process 
vegetation is destroyed and soil is spread across a large area. Mottling, an irregular 
arrangement of soil color and soil type, is also indicative of grave refilling (Wright et al. 
2005).  
Mass graves are often excavated using protocols not defined for this special line 
of work (Morgan, 2011). Although no universal standards for the archaeological 
excavations of mass graves exist (Haglund et al., 2001; Skinner et al., 2003), once a 
grave is located the location must be mapped. A cross trenching technique may also be 
helpful in locating remains at the site. The soil surrounding the remains needs to be freed 
and worked out from the limbs. Points of the body locations need to be mapped into a 
grid system. Any information on artifacts, clothing, and jewelry are recorded and then the 
remains are removed (Wright et al. 2005). Once the exhumation has been completed, the 
bottom of the burial should be investigated for any further small evidence such as bullets, 
shrapnel, or machinery marks that may help determine the type of crime that has occurred 
(Byers, 2011; Haglund et al., 2001; Wright et al. 2005). After all remains have been 
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removed from the site, the bottom of the burial should be searched for jewelry that may 
aid in victim identification (Byers, 2011; Haglund et al., 2001; Wright et al. 2005). 
 
Hypotheses 
 
Although utilizing heavy machinery is a known and documented practice 
surrounding clandestine graves there is limited controlled research on the effects this 
machinery has on bones. There is also limited research in the redistribution of remains 
after a secondary reburial. More knowledge on the distribution pattern of remains 
discovered in a secondary internment will aid in the more efficient association of 
commingled remains to the appropriate individual. Having a better understanding of 
fracture patterns, taphonomy, and the distribution of trauma caused by heavy machinery 
will aid forensic anthropologists and pathologists in distinguishing perimortem from 
postmortem trauma and provide documentary evidence for genocide, crimes against 
humanity, and war crimes.  
This research will bridge the gap between backhoe taphonomy and remains 
dispersal. It will explore the allocation of remains, fracture patterns, distributions, and 
quantities of fractures on bones caused by a backhoe in an experimental mass burial of 
remains of Sus scrofa (pig). The author has multiple hypotheses. Hypothesis #1: 
Disarticulation and fragmentation of remains will occur as a result of a backhoe burial. 
Hypothesis #2: Significant changes in horizontal and vertical plane of remains will occur. 
Hypothesis #3: Unique fracturing will occur from the trauma inflicted by a backhoe. 
Hypothesis #4: Frequencies of the number of fractures will differ between bone types. 
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The author postulates that the majority of fractures resulting from a backhoe will be 
present on ribs and crania. It is predicted that the weight of the earth and backhoe will 
result in multiple fractures of these fragile bones. Hypothesis #5: Frequencies of fracture 
types will differ between bone types.  
 Research will be conducted in Holliston, Massachusetts. This location is in New 
England, due west of Boston, Massachusetts. The research facility is established in a 
heavily forested area which is nearby central hardwood and transition hardwood forests 
(Figure 1.1; DeGraaf et al., 2006). 
 
Figure 1.1. Google Earth Pro (2018) image of the primary (red star) and secondary 
(white star) burial sites. 
 11 
CHAPTER 2:  PREVIOUS RESEARCH 
Mass Burials 
There are numerous discrepancies within the literature regarding the definition of 
what constitutes a “mass grave.” Definitions range from graves containing two 
individuals to those with six individuals (Jessee et al., 2005; Komar, 2008). The most 
basic definition of a mass grave is defined as a burial containing more than one individual 
who share a common connecting trait with the cause and the manner of death. These 
causes of death include homicides, mass disasters, diseases, or accidents. Criminal or 
homicide related mass graves can be the result of war crimes or genocides. Victims share 
a common trait that justified homicide in the assailants’ minds (Schmitt, 2002). 
Additionally, the creation of mass burials are not always the result of crimes but as a 
solution to disease and the smell from decomposition (Eltringham, 2014; Schmidtt, 
2002). 
The victims in mass graves are not exclusively men but include women and 
children. Children and teenagers were uncovered in mass graves in Bosnia (Long, 2006), 
Cambodia (Morgan, 2011), Guatemala (Morgan, 2011), Iraq (HRW, 2003), and Rwanda 
(Eltringham, 2014; Morgan, 2011). Hundreds of Muslim teenage men have been 
uncovered in mass graves resulting from the 1995 Srebrenica massacre in Bosnia and 
Herzegovina (Long, 2006). Mass graves exhumed in Cambodia from crimes during 1975-
1979 have unveiled men and children (Morgan, 2011). Hundreds of excavations in 
Guatemala have uncovered 1,884 victims of which a quarter of the victims were infants 
and children (Morgan, 2011).  The majority of victims of the mass graves of al-Mahawil 
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were young teenage men and did include women and children according to survivors 
(HRW, 2003). The Kibuye Catholic Church massacre of 1994 in Rwanda left 493 
individuals in a mass grave. According to Morgan (2011), approximately 216 of the 
victims were under the age of 15 years old at the time of death. Moreover, in Rwanda 
during April of 1994, approximately 50,000 individuals were murdered at the Murambi 
Technical School and it is documented that around 800 of the victims included women 
and children who were preserved in lime (Eltringham, 2014).   
Women have also been uncovered in mass graves in Bosnia (Skinner and Conner, 
2002), Cambodia (Morgan, 2011), Guatemala (Morgan, 2011), Iraq (HRW, 2003), 
Lithuania (Jankauskas et al., 2005), and Rwanda (Eltringham, 2014). During 1944-1947, 
in Vilnuije, Lithuania, the KGB executed hundreds of individuals. The victims were 
buried in large quantities, creating the Tuskulënai mass grave. Four females were 
uncovered in the hundreds of victims (Jankauskas et al., 2005). There is often a lack of 
research on mass graves due to the nature of evidence surrounding mass graves. Trials for 
the prosecution of mass killings are often ongoing and take years. Prosecutors are often 
hesitant to make evidence available to the public for scientific study (Congram, 2014).  
 
Motives for Mass Murder 
 Leyton (2005) and Congram (2010) have researched the psychopathology of mass 
murderers. Leyton (2005) states that mass killers can be viewed as an extension of 
cultural masculinity as seen through the violence, ambition, and the success and failures 
of these types of killers. Often the media and society assign simple labels to mass killers 
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such as “evil” or “psychopath” or “crazy” which can classify these individuals as 
supernatural beings which is often accepted and okay with the perpetrators (Congram, 
2010). Leyton (2005) states that psychopathology plays a minimal role in the motives and 
actions of mass killers where as the prime motivation comes from social and political 
drivers. Congram (2010) and Waller (2007) list three causes for mass killings. These 
include a perpetrator’s cultural construction of the world which can ultimately cultivate 
aggression and violence against other individuals, society’s contextualization of cruelty 
where citizens cannot be neutral and are either with or against a certain group, and lastly, 
the psychological construction of the “other” where a subhuman or inhuman label of 
individuals as “other” fosters disgust and hatred. Mass murderers driven by socio-
political agendas often act out of the influence of the socio-political climate and context, 
conflict, and group thinking (Congram, 2010). 
   
Mass Grave Site Selection 
 Congram (2014) notes patterns of victim disposal during conflicts occur due to 
three reasons. During times of conflicts, resources are often limited. Resources include 
but are not limited to personnel and equipment. Geographic constraints also play a role in 
victim disposal. Not all geographic locations are accessible or plausible to utilize if the 
victim toll is massive. The sociopolitical environments are also worth noting. These 
factors will determine if the killings of civilians will be hidden or made public to instill 
fear. Schmitt (2002) notes that the majority of primary inhumation locations of mass 
burials are not secret to the public.  
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Congram (2014) states that no official study has compared the three resources but 
is suggested that logistics and the sensitivity or lack thereof, of the killings will play the 
most significant role in the disposal method of the victim bodies. Logistical 
considerations for mass graves have also been noted by Congram (2014). These 
considerations include the availability of labor forces for digging, the accessibility of 
transporting large amount of victims to the site, and if preexisting features for burial exist 
at a site. Other logistical considerations include preparing and locating disposal sites, 
arranging personnel to guard, transport, and kill victims and whether victims will be 
detained and executed at the disposal site or merely transported there postmortem.  
 The killing of victims often takes place away from cities and villages where the 
access is limited or hindered. This prevents spectators and photographers from 
documenting or gaining knowledge of the crime. Ironically, discretion and logistics can 
work against each other (Congram, 2014). For example, the perpetrators desire to 
discretely kill victims in a heavily forested area is hindered by the inability and 
inaccessibility of heavy machinery to access the area and slice through root systems. 
Historically, preexisting natural features have been utilized for mass burials in Colombia, 
the Balkan Wars, and during World War II. Additionally, disposing of numerous victims 
can be done in wells, rivers, or oceans.  
Congram (2014) and Manning (2000) note that primary burial location sites tend 
to be more open sights such as fields. Contrastingly, secondary burial sites tend to reflect 
a deliberate effort by perpetrators to hide bodies from investigators. This thought process 
implies secondary sites will generally be located farther from roads, farther from 
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populated areas, and in forested areas. Skinner and Conner (2002) do note that not all 
postburial disturbances are the result of perpetrators trying to conceal evidence. The 
authors note that disturbances may result for body trading, bone trading, forensic 
investigations, and naïve discovery.  
 
Movement of Remains and Secondary Burials 
A secondary burial is a form of burial that results when remains are moved from 
the original primary burial after the initial stages of decomposition have occurred 
(Congram, 2014; Dupras et al., 2011; Jessee and Skinner, 2005; Komar, 2008). There 
have been many documented human rights cases where a reinternment has occurred. This 
has been well catalogued throughout history (Long, 2006; Komar, 2008; Vanezis, 1999). 
Reinternments and clandestine graves have been discovered through soil typing, pollens, 
witness testimonies, and remains from one individual found in multiple grave sites (Long, 
2006). Disarticulated and commingled remains, mixed soil types, and odd stages of 
decomposition characterize secondary inhumations (Jessee and Skinner, 2005). Bones are 
unlikely to be in anatomical position, bones are not well preserved, and teeth are often 
missing in secondary burial locations (Roksandic, 2002).  Mass grave site locations are 
commonly not secret but known by the surrounding community members. Mass primary 
and secondary graves are often located through witness statements (Schmitt, 2002).  
It is often difficult to differentiate between primary and secondary dispositions 
however, specific differences have been distinguished. Secondary burials may exhibit 
disarray such as the anatomically incorrect positioning of bones. Additionally, incisors 
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are often lost or damaged in secondary burials (Roksandic, 2002). Pokines (2014) and 
Pérez-Sales and Navarro García (2007) note secondary burials may exhibit disarticulated 
remains, loss of smaller skeletal elements, and signs of transportation as seen through 
postmortem breakage.  
 
Documentation of Heavy Machinery in Cases of Human Rights Abuses  
The use of heavy machinery in intentional reinternment and primary burials is 
well documented in human rights crimes across the globe. An infamous and highly 
publicized example of heavy machinery usage occurred amid the Bosnian War during the 
Srebrenica massacre. This massacre occurred during the summer of 1995. Thousands of 
Bosnian Muslim men were buried in mass graves. Bodies were disposed with bulldozers 
to quickly and efficiently bury hundreds of individuals. The graves were later reburied in 
separate locations as an attempt by the Bosnian-Serb troops to conceal evidence. The 
reburial process was conducted with backhoes and dump trucks (Komar, 2008; Long, 
2006; Morgan, 2011; Tuller et al., 2008; Skinner and Conner, 2002).  
In like manner, in Serbia during the year of 1999, a mass grave of executed 
Kosovar Albanians was created. There is evidence that a primary and secondary 
deposition occurred with these decedents. The remains were brought from the primary 
inhumation site by means of dump trucks to a secondary location. The remains were 
subsequently burned inside and outside of the secondary inhumation site then mounded 
into the grave and run over and crushed with heavy machinery (Tuller et al., 2008). 
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In both examples from the Balkans during the 1990s, the remains were heavily 
commingled and disarticulated. Forensic evidence was tampered with and destroyed 
through the use of heavy machinery (Komar, 2008; Long, 2006; Morgan, 2011; Tuller et 
al., 2008; Skinner and Conner, 2002). Taphonomic data is forensic evidence in the 
clandestine removal and distribution of remains (Skinner and Conner, 2002). 
Another example of heavy machinery used in the burial process is noted from the 
Rwandan genocide. The widespread killing of Tutsi people began after the killing of 
Hutu Rwandan President, Juvénal Habyarimana, who was in favor of peace. During April 
of 1994, fifty-thousand men, women, and children were murdered at the Murambi 
Technical School. After this massacre, the office of Gikongoro Préfectural, employed two 
bulldozers to bury victims to help prevent the spread of disease (Eltringham, 2014). 
A subsequent illustration is demonstrated during March of 1991, when tens of 
thousands of predominantly Shi’a Iraqis were arrested or “disappeared” into the Iraqi 
government custody. Victims resulted from a campaign of repression, arrests, and 
execution after the failed Shi’a uprising of the same year. Many of these victims ended up 
into mass graves near al-Mahawil. Survivors of mass executions noted that individuals 
were pulled off busses and thrown into a pre-established hole and buried with a backhoe 
(HRW, 2003). Furthermore, as of August 2016, it was reported that 72 mass burial have 
been discovered in Iraq and Syria, these mass graves were buried with bulldozers. The 
victims of this genocide are the Yazidi minorities who are targeted by the Islamic State 
(Hinnant and Butler, 2016). 
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The Cambodian genocide arose when Pol Pot and the Khmer Rouge took over 
Phnom Penhn. The beginning of destruction and killing began when this community was 
exiled to the countryside in April of 1975. The Khmer Rouge wanted to create a socially 
and ethnically homogenous society and a collective workforce. Genocidal victims were 
predominantly Vietnamese, Chinese, and Muslim Cham peoples. The educational 
infrastructure was eliminated and cultural artifacts and buildings destroyed. Methods of 
killing victims included burying alive, pushing individuals into crocodile pits, mass 
poisoning, and crushing victims with bulldozers.  
After a 1973 military coup in Chile, a death squad, the Caravan of Death, was 
created by General Augusto Pinochet. This group went across the country and tortured 
and executed political opponents of the new military regime. These victims were 
subsequently buried in unmarked graves. In Calama, Chile during the same year, 26 
victims of the Caravan of Death were buried in the desert. The mass grave was eventually 
uncovered decades later in 1990. There was evidence that the remains had been extracted 
and reburied with heavy machinery. The heavy machinery left only bone fragments, some 
teeth, and fragments of clothing scattered across 100-meter radius (Pérez-Sales and 
Navarro García, 2007). 
Additional movement of remains by heavy machinery is noted in La Hoyanda, 
Peru. The Cabitos Cartel was a military cartel of Huamanga, Peru who forced 
disappearances, tortured, illegally detained, and killed many individuals in the 1980s. In 
La Hoyanda, human remains were buried on military barracks by the cartel. The group 
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used heavy machinery to invade the land and destroy evidence (Pérez-Sales and Navarro 
García, 2007; La Republica, 2011). 
In Columbia, various organizations forced the disappearance of many people 
during the dirty war of the 1970s. These groups include the Fuerzas Armadas 
Revolucionarias de Colombia (FARC), the Ejército de Liberación Nacional (ELN), 
Autodefensas Unidas de Colombia (AUC), and the fuerzas de seguridad oficiales. The 
disappeared included students, human rights defenders, unionists, community leaders, 
and left wing activists. Many of these victims were buried in mass graves. In 2004, the 
Columbian authorities permitted the exhumation of the Pueblo Bello case on the Las 
Tangas farm. This burial contained 43 farmers and was exhumed with a backhoe. Many 
remains and evidence was destroyed with this heavy machinery. Some remains were 
taken to the hospital and identified by clothing through the family members. The other 
remains that went unidentified were buried in a municipal cemetery (Pérez-Sales and 
Navarro García, 2007).  
 
Documentation of Heavy Machinery and Excavation Damage 
Heavy machinery has been noted to unintentionally cause damage to remains 
when exhumations occur. Damage and dispersal can occur accidentally through 
construction activity or can occur when family members want to recover their loved ones 
remains after a deadly event (Blau and Skinner, 2005; HRW, 2003; Martin et al., 2014; 
Ubelaker and Adams, 1995). 
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This is exemplified in a study by Martin et al. (2014), where three disarticulated 
skeletal sites were investigated to demonstrate the complexities of bone assemblages in 
La Plata River Valley located in northern New Mexico. It is postulated that the burials 
were relocated in ancient times, as well as modern times, as a result of construction 
activities. Backhoes were used to create exploratory trenches for discovering remains and 
unintentionally removed and damaged skeletal material from the La Plata sample. The 
use of heavy machinery likely added to the secondary dispersal and breakage of 
numerous bones at this site (Martin et al., 2014).  
Ubelaker and Adams (1995) noted that skeletal remains were scattered by heavy 
machinery and ultimately discovered by a construction worker during 1993 in Georgia. 
This construction activity removed the remains from the original burial context. The 
unintentional activity significantly dispersed remains and likely caused butterfly fractures 
on the diaphysis of a humerus, tibia, and fibula.  
Additionally, uncontrolled exhumations of mass burials by heavy machinery have 
been documented to destroy evidence, disperse remains, cause postmortem damage, and 
prevent victim identification. This is well documented in Argentina and Iraq (Blau and 
Skinner, 2005; HRW, 2003). During the 1980s in Argentina, one of the first attempts to 
exhume clandestine graves of disappeared victims who died under the military 
dictatorship of General Jorge Rafael Videla, was uncontrolled. This task was attempted 
by cemetery gravediggers. The gravediggers implemented heavy machinery, which 
resulted in the piling of bones next to open graves creating further commingling. This 
example demonstrates the mishandling of human remains, family frustration, and the 
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destruction of forensic evidence that can occur with an unsupervised and unsupported 
exhumation (Blau and Skinner, 2005).  
Another example of the pitfalls of an uncontrolled exhumation is demonstrated by 
an Iraqi example. During the 1990s, local Iraqi citizens performed their own mass grave 
excavations around al-Hilla and al-Mahawil to uncover family members who were 
arrested or disappeared under the Iraqi government. Backhoes undertook this excavation 
without international assistance. Remains were consequently sliced and commingled. 
Unfortunately, this led to more than 1,000 individuals to go unidentified. Similar to the 
haphazard excavation in Argentina, crucial forensic evidence was not able to be collected 
or destroyed through unintentional heavy machinery activity (HRW, 2003).  
  
Forensic Archaeology and Mass Grave Exhumations 
Blau and Skinner (2005) define forensic archaeology as the application of 
archaeological field and lab methodologies in a legal setting. Similar to archaeology, 
forensic archaeology is concerned with understanding and interpreting space, site history, 
site formation, and the context of evidence and mortuary features within an area. Forensic 
archaeology has been utilized in various situations including, homicide investigations, 
mass fatality incidents from structural fires, transportation accidents, natural disasters, 
and terrorist attacks (Blau and Skinner, 2005). Forensic archaeological methodologies are 
applied to mass exhumations.  Numerous studies and papers have been written on the 
various recovery methods of mass grave sites (Blau and Skinner; 2005, Byers, 2011; 
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Dirkmaat and Adovasio; 1997, Dirkmaat and Cabo, 2016; Skinner, 1987; Skinner et al., 
2003; Tuller and Duric, 2006).  
Two methodologies are generally applied to mass exhumations. These include the 
pedestal and stratigraphic method. Pathologists and anthropologists generally use the 
pedestal methodology. The focus of this excavation methodology is on the body not the 
features of the grave. The positive attributes of the pedestal method including the ability 
to give powerful photographic evidence, the body is more accessible from most angles, 
and there is less time spent standing on the bodies. Water can easily drain from the grave 
when applying this method. The most notable negative feature of this methodology is that 
the lack of grave walls. This can be noted on a map but not seen photographically. 
Without grave walls, tool marks and machinery marks are lost, and without the walls the 
bodies can erode or slump and transport evidence out of its original context. Trenching 
around the feature increases the site area. As a site area increases, shade tents for workers 
cannot cover the entire area making for a less ideal working environment (Tuller and 
Duric, 2006).  
Archaeologists more frequently apply the stratigraphic methodology. This 
methodology focuses on the grave features and context of grave elements. In a study by 
Tuller and Duric (2006), it was found that the stratigraphic method proved to be more 
successful. More complete bodies were exhumed and more associated bones were 
recovered using this method. This method allows for better control of the excavation 
process and retains the grave walls which ultimately gives a better understanding of the 
process of grave formation. This can aid the archaeologist in creating an order of events. 
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Negatively, water can pool in the site and potentially compromise evidence. Access is 
limited to the bodies due to grave walls and remains can be walked on throughout the 
excavation process (Tuller and Duric, 2006).  
There has also been vast research on how to document an investigation 
surrounding a mass burial (Haglund et al., 2001; Komar, 2008; Tuller and Duric, 2006; 
Vanezis, 1999). A forensic exhumation takes significant planning and organization. Local 
facilities, security, and volunteers must be assembled keeping local laws and customs in 
mind (Komar, 2008; Vanezis, 1999). Once all logistical needs are in order the 
exhumation can begin. The site must be photographed in its entirety and videotaping has 
proven successful to ensure the site has not been tampered with. The grave must be 
thoroughly mapped and sketched. Furthermore, the grave must be searched for associated 
artifacts such as bullets, shrapnel, or jewelry (Haglund et al., 2001). Individuals buried in 
mass graves can be found in varying stages of decomposition, various soils, and different 
perimortem trauma which makes the exhumation process complicated and the need for 
concise notes and documentation pertinent (Tuller and Duric, 2006).  
 
Clothing and Decomposition Rates  
Studies on the factors that affect the rate of decomposition are numerous. The 
factors include ambient temperature, insect activity and availability, carnivore and rodent 
activity, humidity, rain, soil composition, body size, weight, clothing, trauma, and 
embalming (Bachmann and Simmons, 2010; Jannaway, 2002; Haglund, 2002; Hunter 
and Cox, 2005).  
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The effect of clothing on the rates of decomposition and textiles’ role in 
archaeological excavation have been studied in mass grave and singular grave settings 
(Haglund, 2002; Janaway, 2002). Clothing can be a useful tool in forensic and 
archaeological settings. When remains are commingled, clothing protects the remains 
during excavation. Clothing can also assist in protecting remains, exposing remains, and 
can act as an envelope for transporting remains (Haglund, 2002). Clothing discovered in 
an archaeological setting can provide details that can corroborate information in missing 
persons files and aid in identification. Clothing may be used to distinguish between 
military personnel and civilians. Knowing this information can assist with determining 
what if any type of crime has occurred (Haglund, 2002; Janaway, 2002). Copper alloy 
based clothing such as zippers or buttons can leave a green to green-blue coloration on 
osseous remains after decomposition has occurred. This coloration is the result of copper 
corrosion. If bullets or shell casings are next to osseous remains, copper corrosion 
staining may be visible on bone (Dupras and Schultz, 2014). In addition, this staining 
from clothing and copper corrosion may assist in dating the remains.   
Natural fibers are degraded quickly by microorganisms. Microbial action can be 
hindered by freezing, desiccation, metal ions, clay particles, and pH levels. Wool material 
is more likely to degrade in environments with increase temperatures and increased pH 
levels. This material is resistant to acid and susceptible to alkaline attack. Silk fibers 
degrade in similar environments to that of wool but are more susceptible to decay than 
wool. Silk is likely to be preserved in anoxic environments. Cotton is an absorbent and 
easily degradable material. It is susceptible to acidic attack and unlikely to survive in 
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acidic soil. Cotton material may persist in anoxic or in high pH conditions or if frozen. 
Another absorbent material, linen, is more resistant to acid than cotton but will degrade 
under most environments. Lastly, leather, will survive in dry environments. If this 
material is moistened it has the ability to turn into a black syrup-like material but can be 
preserved if placed in a waterlogged environment. However, it is not possible to create 
predictive models for decay rates of textile materials or metals. Variation of 
decomposition rates within a singular forensic site are often noted (Janaway, 2002). 
 
Site Recovery Rates 
Recovery rates at archaeological sites and forensic sites have been studied 
(Banning et al. 2006; Banning et al. 2017; Pokines and Baker, 2014b). Pokines and Baker 
(2014b) report that the size of an element is related to the likelihood of recovery. 
Elements of smaller size including carpals, tarsal, sesamoids, teeth, epiphyses, and fetal 
elements. These are the elements least likely to be recovered by personnel. This occurs 
even more frequently when the elements are not in anatomical position as seen in an 
undisturbed primary burial. Training level, previous experiences, worker fatigue, 
communication, and emotional stress can all play an effect on recovery rates (Pokines 
and Baker, 2014b). The environment of the recovery setting may also factor into recovery 
rates. Weather, lighting, soil type, and precipitation are documented to effect recovery 
search rates. Precipitation may lead to the erosion of a site. Consequently, evidence can 
be moved away from the recovery site or moved out of context. Moreover, natural 
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lighting, shaded areas, and bright lighting factor into the successfulness of a recovery 
(Pokines and Baker, 2014b). 
The attentiveness of field workers, quality of experimental design, and the 
workers’ ability to detect remains through the artifact density and distribution has been 
noted to affect recovery success (Banning et al. 2006; Banning et al. 2017). The amount 
of time given to a search plays into recovery rates, Banning et al. (2006) observed the 
workers who searched for the longest duration of time detected higher numbers of 
artifacts than those who searched for less time.  
 
Forensic Mapping and Diagramming 
An important aspect of documenting a forensic scene is mapping and 
diagramming. Traditional mapping methods are well-outlined in the forensic and 
archaeological literature (Byers, 2011; Cheetham and Hanson, 2009; Dirkmaat and 
Adovasio, 1997; Dirkmaat and Cabo, 2016; Haglund et al. 2001). These steps include 
creating a datum, grid system, and documenting the X, Y, and Z coordinates of an object 
using a plum bob and tape measure. Mapping begins by creating a datum point on a 
permanent structure or object. Following the datum, a grid system is set in place. This can 
be established through triangulation. The size of the system will vary from scene to 
scene. The grave is then systematically excavated and the X and Y coordinates of 
evidence or osseous remains are collected at every horizon level. The altitude or Z 
coordinate is also noted. These coordinates will eventually be uploaded and utilized to 
create an electronic map (Byers, 2011).  
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Another integral component of documenting a mass burial or archaeological site 
is incorporating the use of geographic information systems or GIS. These digital tools aid 
in spatial analyses, documentation, and site mapping. Esri’s ArcGIS is the industry 
standard software. It incorporates a 3D viewing environment and has customizing 
abilities (Katsianis et al., 2008). Other spatial technologies besides GIS that are available 
include global positioning systems (GPS), laser mapping, remote sensing, and 
geographical surveying. These technologies allow anthropologists to discover new 
information, patterns, or relationships among variables through analyses of spatial 
representatives of data (Mccoy et al., 2009). 
A recent study in 2015 looked at merging 3D modeling techniques into a 3D GIS 
platform. This method is called “virtual taphonomy.” This integration of 3D modeling 
was discovered to assist in connecting field and laboratory analyses. GIS allows for the 
opportunity to visualize and reconstruct sites with high accuracy, are less expensive, and 
only take a short time to execute. This method has three areas of focus: anatomical 
representation, fracture patterns, and necrodynamics. It is time effective and can be useful 
in complex contexts such as mass graves and secondary depositions. Implementing this 
method only requires a digital camera and RTK GPS or Total Station (Wilhelmson et al., 
2015). 
 
Spatial Analysis 
The utilization of spatial analysis in forensic anthropology and archaeology came 
from foundations in spatial theory and concepts from the field of archaeology. The 
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advancement of GIS and other electronic technologies have aided in the efficient 
collection and documentation of archaeological and forensic sites. Nonetheless, 
limitations such as time and resources have hindered the use of spatial analysis 
technologies at forensic scenes. Forensic scenes are generally time sensitive and at the 
hands and resources of a local community. The utilization of spatial technologies have 
been more common in archaeological settings rather than forensic settings (Congram, 
2010).  
Research has investigated killers and the spatial location selected for body 
disposal across many countries. Studies have concluded that killers are generally guided 
by rational rather than irrational behavior. A killer’s behavior is calculated in regards to 
where the body of the victims are disposed. Research has also found that these factors of 
a killer’s behavior transcend country boundaries as well as cultural and political 
boundaries. Universally, killers act rational and calculated when selecting a spatial 
location for the disposal of victims. Understanding this research is beneficial for the 
fields of forensic anthropology and forensic archaeology (Congram, 2010).  
Spatial analysis has been utilized in forensic settings by Reddick (2006) and 
Tuller et al., (2008). Both studies investigated the spatial properties of primary and 
secondary burials from the Balkans. An unpublished study by Reddick (2006) used a 
predictive model with a series of primary and secondary burials in Bosnia. Environmental 
independent variables of the burial location selection including road type, distance from 
road, and the land use history. This study investigated multiple grave types encompassing 
primary and secondary burials as well as execution sites (Reddick, 2006). According to 
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Congram (2010) this work explores new avenues of research pertinent to the field of 
forensic archaeology and forensic anthropology but does not address cultural values 
including perpetrator motivations. Overlooking these cultural values hinder the analysis 
as a killer’s motivation plays a large role in the spatial selection of grave site location. 
An additional forensically significant spatial analysis, looking at the distribution 
of remains after a secondary burial, has been explored (Congram, 2010; Tuller et al., 
2008). A spatial mapping analysis of two gravesites from Serbia were exhumed and 
mapped in a study by Tuller and colleagues (2008). The study investigated the 
relationship between bones that have been disarticulated or commingled and the 
usefulness of mapping in the reassociation of commingled remains. The authors utilized a 
Sokkia SDR 31 data logger and GIS software. The technical process took approximately 
three to four minutes per body and did not hinder the exhumation. This study 
demonstrated that spatial mapping can prove beneficial when excavating secondary 
burials. Mapping is a quick and efficient tool in helping bridge the gap between field 
recovery and laboratory analysis. Findings suggest that disarticulated body parts are 
usually located in close proximity, within one meter, to the body from which it is 
associated. The authors did note two osseous outliers that were observed to be five and 
seven meters away from the correct body. This may be explained by the use of heavy 
machinery and thermal alteration at the secondary inhumation site at this particular scene 
(Tuller et al., 2008). 
 
Biomechanical Properties of Bone 
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There has been vast research on the biomechanical properties of bone (Evans, 
1973; Zephro and Galloway, 2013). Bone as a material is visoelastic and anisotropic. 
Anisotropic materials do not exhibit the same mechanical properties in all directions. 
Bone consists of organic fibers including collagen and inorganic crystals, hydroxyapatite. 
Age and sex are known influencing biological factors on the mechanical properties of 
bone. Non-biological factors influencing the biomechanical properties of bone include 
the amount of moisture in the bone and the direction of loading force in relationship to 
the major axes of the bone (Evans, 1973). Fracture typology will depend on the bone 
morphology, mineralization, structural integrity, and bone density. The size, shape, and 
mass of an implement will also play a role in fracture presentation (Zephro and 
Galloway, 2013). 
A bone’s capacity to absorb energy depends on the speed of an applied force. 
Bone will act as a brittle material and will not go through plastic deformation with 
increased speed of force. Minimal warping will occur at high speeds as bone is stronger 
when force is applied rapidly. Bone undergoing static or a constant loading force will 
undergo an elastic phase prior to plastic deformation. The bone may still be able to regain 
its original shape. A warped appearance is more frequent with static force loads.  The 
strength of a bone is proportional to the amount of primary and secondary osteons bone 
possess. Secondary osteons are known to weaken the bone structure. For example, 
children are more likely to undergo plastic deformation prior to a bone fracture than 
adults (Zephro and Galloway, 2013). 
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Wet Bone Fracturing and Dry Bone Breakage 
Wet bone fracturing can occur after death until bone has lost significant moisture 
content. During the process of decomposition, moisture is leached from bone. This causes 
the collagen fibers to degrade which results in a less flexible bone. Less force is needed 
to fracture a bone with reduced moisture content. As bodily fluids accumulate in mass 
graves, the moisture levels of bone may retained significantly longer than in a single 
burial (Galloway et al. 2013b).  
There is extensive research on postmortem trauma (Galloway et al. 2013b). 
Postmortem fractures can be caused due to bone weathering, animal scavenging, plant 
roots, changes in soil, moisture levels, vegetation, and pedestrian movement. These 
taphonomic changes can appear similarly to blunt force trauma. Differentiating between 
fracture angles can be made to distinguish perimortem or postmortem trauma. Obtuse or 
acute angles are associated with fresh or recently defleshed remains. Right angle fractures 
will occur on drier bone. Greenstick bone fractures cause smooth, sharp, beveled edges, 
and edges will be the same color as the rest of bone. Dry bone fractures have irregular, 
jagged, and blunt edges. These edges will be lighter in color than the rest of the bone 
(Moraitis and Spiliopoulou, 2006; White et al., 2012).  
 
Taphonomic Signatures of Farming Machinery  
There has been limited documented research on the bone trauma inflicted by 
heavy machinery. However, farming equipment and tractor taphonomy are well 
cataloged. Farming equipment and backhoe machinery are of similar design, size, 
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structure, and weight. The destructive results on bone and distribution patterns may have 
similar effects. Nawrocki (2016) notes that farming machinery can cause postmortem 
trauma and the redistribution of remains. The types of trauma created by farming 
equipment includes blunt force, crushing, gouging, scratching, puncturing, and cutting 
marks. It is also recognized that the layout, speed, tillage, state of decomposition, 
cultivation theory, number of cultivation periods, and burial depth all factor into the 
extent of damage this machinery will have on bones (Ammerman, 1985; Nawrocki, 2016, 
Haglund and Scott, 2002).  
How evidence or artifacts scatter and disperse by farm machinery is not only of 
forensic significance but of archaeological interest as well. Ammerman (1985) did an 
experiment in the 1980s in Calabria, Italy looking at how artifacts circulate through a 
plow zone. It was discovered that larger artifacts and materials are found on the surface 
more often than smaller material. It is easier for larger materials to break the ground 
surface when compared to smaller lighter material. Ammerman (1985) noted that the 
slope of the ground surface influences the distribution of artifacts. Additionally, the 
author observed that only a small portion of material in the plow zone surfaced 
(Ammerman, 1985).  
Plowing will break down and disfigure bone. Compaction of soil by running 
farming machinery over the surface also leads to fracturing. Exposure from a surface 
deposit can lead bone to having a lighter color, drier texture, less greasy appearance, and 
lighter weight than buried remains. Variation on the periosteal material can be present 
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after remains have been deposited on the surface from farming machinery (Haglund and 
Scott, 2002).  
An additional 1980s study by Odell and Cowan (1987), looked to estimate the 
spatial distribution of artifacts dispersed from the effects of agricultural tilling. This 
experiment took course between October of 1981 through November of 1983. The study 
controlled for the type of object planted, number of objects, the size and shape of objects. 
Odell and Cowan (1987) also controlled for the type of tillage, frequency of tillage, and 
the collection techniques. The researchers employed two plowing patterns and noted 
more significant displacement of artifacts parallel to the direction of tillage. No 
relationship between artifact size and displacement was noted. The two different tillage 
methods did not affect artifact dispersal and artifacts were randomly distributed. This is 
significant because many archaeological sites as well as clandestine burials are located in 
plow zones (Newcomb et al., 2017; Odell and Cowan, 1987) 
Newcomb et al. (2017) investigated the taphonomic effects of mechanical 
plowing on juvenile buried remains. Plowing disturbances can affect the successfulness 
of forensic recovery as agricultural fields are often prime locations due to isolated 
location, utility roads, and close proximity to bigger cities, for clandestine burials. Ten 
juvenile pig skeletons were used in the study that took place at a farm in Utah. This study 
tested three hypotheses that were ultimately supported. The first hypothesis was that an 
increase in passes of the plow will result in greater dispersal distance of skeletal material 
from the original primary burial location. The second hypothesis stated that the amount of 
skeletal material dispersed will decrease if the primary burial is not entirely in the plow 
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zone. The final third hypothesis was that more skeletal material will be recovered if the 
primary burial is deeper or the number of plow passes is smaller. This study supports the 
idea that agricultural machinery causes significant disturbances to buried remains and 
that a high concentration of remains may be indicative of the primary burial location.  
Understanding how farm machinery effects the modification and displacement of 
bones may aid in understanding the effect a backhoe will have on remains. Backhoes and 
farming equipment aid in disturbing and transferring items from one point to another.   
 
Taphonomic Signatures of Heavy Machinery  
Heavy machinery is utilized to move large amounts of earth quickly and 
efficiently. Backhoes are commonly used in excavations. Excavators are used for digging 
with a wide range of impact forces through materials such as dirt, loam, gravel, clay, or 
rocks. This machinery is employed for trenching and mass excavation (Caterpillar, 2016). 
The main components of an excavator consist of the backhoe, operator cabin, and 
wheeled or tracked movement system (Case Construction, 2018; Patel and Prajapati, 
2012). Hydraulic forces apply to the boom, arm, and bucket of a backhoe. The maximum 
digging forces are exerted at the outermost cutting points of an excavator. A backhoe 
bucket will create compression, shear, and torsion forces. Types of these forces include 
bucket curling force and stick crowd force which are created when the bucket penetrates 
a material (Caterpillar, 2016). Appropriate bucket size selection is effected by the soil 
conditions. Wider buckets are utilized in softer soils and narrow buckets in harder rocky 
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soils. A narrower bucket with a short tip radius allows for the best penetration into hard 
material (Caterpillar, 2016). 
Operators who understand excavating forces have better control and efficient 
digging procedures (Patel and Prajapati, 2012). As noted by Patel and Prajapati (2012), 
an individual must obtain ten to fifteen years of experience to become an expert backhoe 
operator. Construction activities such as trenching can disperse and cause breakage of 
bones (Martin et al., 2014; Ubelaker and Adams, 1995). Heavy machinery has been noted 
to slice and commingle remains, separate bodies into multiple pieces, and destroy 
identifying documents and evidence (HRW, 2003). However, many peer reviewed 
articles or book chapters only mention the effects of heavy machinery in a sentence or 
two. Photographic examples are also lacking in these articles and chapters.  
For example, Kimmerle and Baraybar (2008) mention that heavy machinery such 
as backhoes may dismember bodies when this machinery is used in creating secondary 
graves. Ubelaker and Adams (1995) noted in a case report that skeletal remains were 
discovered in Georgia during the summer of 1993 by a construction worker. All elements 
were scattered by machinery and no longer in situ. Butterfly fractures were noted on a 
humerus, tibia, and fibula which was thought to be due to breakage caused by heavy 
power equipment (Ubelaker and Adams, 1995). Moraitis and Spiliopoulou (2006) 
mention that powerful heavy machinery may cause postmortem fragmentation. Haglund 
and Scott (2002) and Pokines and Baker (2014b) note that the compaction of soil by 
heavy machinery can lead to fractures and massive crushing. Pokines and Baker (2014b) 
also note that heavy machinery may cause recovery-related damage to bones. Galloway 
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et al. (2013a) noted that heavy machinery can cause extensive postmortem damage and 
inhibit interpretation and reconstruction when utilized during the exhumation process. At 
La Plata assemblage in northern New Mexico, three disarticulated sites were excavated. 
This disarticulation is thought to be the result of burial relocation in ancient times as well 
as modern times due to construction activity. Martin et al. (2014) noted that a backhoe 
caused green fractures, peeling on cranial and postcranial elements, smooth spiral breaks, 
longitudinal breaks, crushing, and warping. Photographic and extensive documentation of 
heavy machinery damage to bones is lacking in forensic literature.  
 
Animal Osseous Remains as Human Proxy 
 Ethical and philosophical issues arise when discussing donation, consent, and the 
forensic benefits of body donation. Studies have demonstrated that most people support 
body donation in the name of medical research. However, many individuals do not 
donate their body due to the fear of experimentation, mutilation, and the interchangeable 
nature of body parts. A vast number of people desire to be buried whole and have a fear 
of experimentation (Christensen, 2006). This can be problematic for forensic research 
because many institutions do not allow experimentation on human remains. Therefore, 
animal remains are used as proxy for human remains.  Yet human bone and animal bone 
do not possess the same qualities. Experiment selection of non-human models are based 
on the cost of proxy, the availability of proxy, and the researcher’s knowledge of species 
variation. Sus scrofa (pig) remains have been cited as an acceptable human proxy in 
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trauma and fracture studies, however minimal research exists which looks at the 
applicability of using animal bones as human proxy (Zephro et al., 2013). 
 There are four variations in mammalian bone structure, these include woven bone, 
lamellar bone, Haversian or secondary lamellar bone, and plexiform or fibrolamellar 
bone. Plexiform bone is not found in adult humans but is infrequently noted in juvenile 
humans. Plexiform bone is noted in large mammals. Non-human mammals, such as pigs, 
exhibit differing rates of maturation than humans. Animals reach full body size 
significantly quicker than humans and in order to facilitate this growth, plexiform bone is 
laid down quickly in an organized fashion (Zephro et al., 2013). Plexiform bone has a 
horizontal, regular, and rectangular organization (Mulhern and Ubelaker, 2001). 
Mulhern and Ubelaker (2001) compared patterns of osteon organization between 
humans and non-humans. This distinction can be made microscopically through osteon 
banding and Haversian systems. This study utilized femoral midshafts from subadults and 
adult humans, sheep, and mini swine. The authors defined an osteon band as a distinct 
row of five or more primary and secondary osteons. Mulhern and Ubelaker (2001) 
concluded that the majority of non-human bone has plexiform bone and does not exhibit 
osteons. When osteons are present in non-human bone the organization is different when 
compared to human bone. Humans have somewhat linear, randomly scattered, and 
densely packed osteons. On the other hand, swine demonstrated organized osteons with 
resorption spaces located in primary osteons.  
Wang et al. (1998) study investigated whether bone fracture properties change 
across species. Human, baboon, canine, bovine, and rabbit osseous remains were utilized. 
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Three variables researched included bone density, volume of mineral and organic phases, 
and bone microstructure. Multiple types of microstructure were investigated; plexiform 
(bovine and canine bone), lamellar (rabbit), and Haversian (human, baboon, and canine). 
Overall, the authors noted bone fracture properties vary by species. These differences in 
bone fracture toughness may be attributed to bone microstructure and the physical 
compositional properties of bone. In comparison to humans, baboons exhibit the most 
similar fracture, microstructural, and compositional properties. Canine bone has a similar 
microstructure to humans. However, bovine and rabbit microstructure varies significantly 
from humans (Wang et al., 1998).  
In a study by Aerssens et al. (1998), human, dog, pig, cow, sheep, chicken, and 
rat bone composition, density, and quality were investigated. Aerssens et al. (1998) also 
noted that canine bone as well as porcine bone most closely resembled human bone in 
relation to bone density and fracture stress. The authors observed that the material 
properties of bone vary across species but some species do resemble human bone 
composition better than others. Rat bone composition was discovered to differ the 
greatest from human bone.  
The differences between the porcine skull and the human skull have been 
investigated (Jordana et al., 2013). Jordana et al. (2013) note that pig skulls can be 
utilized in comparative studies as they both are composed of three layers, an outer layer, 
inner layer, and diploe. The structures do differ. Pig cranial elements have thinner outer 
and inner layers and a thicker diploe than the human crania. The pig skull has a smaller   
quadrilateral shaped parietal. Additionally, these skulls have a different suture 
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morphology. The sutures in pigs are less jagged and more linear than human sutures. The 
difference in suture morphology may play a role in the behavioral difference but 
generally do not affect fracture parameters (Jordana et al., 2013). 
Although human and animal bones possess different qualities, due to ethical 
considerations, costs, and availability of human remains for experimentation, sus scrofa 
remains have been utilized as a proxy for human remains (Christensen, 2006; Zephro et 
al., 2013). 
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CHAPTER 3:  MATERIALS AND METHODS 
This research took place at Boston University’s Outdoor Research Facility in 
Holliston, MA. This facility is located in Eastern Massachusetts in the Greater Boston 
Area. Massachusetts is a heavily forested area and this study took place nearby central 
hardwood and transition hardwood forests (DeGraaf et al., 2006).  
 
Primary Burial 
On November 19, 2016, a grave of 1.22 meters in width, 1.75 meters in length, 
and 1.14 meters deep was constructed. This grave was created using hand tools at BU’s 
Outdoor Research Facility in Holliston, MA. The physical creation of this grave took 3 
hours with the assistance of the author and four additional volunteers. 
Two weeks later on December 1, 2016, the experimental mass burial was created. 
The author defines mass grave according to Schmitt (2002) as burial of two or more 
individuals in contact where the context of the burial is the most significant factor. Four 
eviscerated Sus scrofa (pigs) weighing approximately 100 pounds each were purchased 
from A Arenas and Sons Incorporated located in Hopkinton, MA at 11:00. Upon arrival 
to the Outdoor Research Facility, the pigs were taken out of plastic garbage bags at the 
site of the burial at 11:45 to allow for insect activity prior to burial. Each individual pig 
was measured from the rump to the snout.  
The respective pigs were clothed beginning at 13:35 (Figure 3.1). The first pig 
was measured at 1.19 meters and dressed in an orange cotton shirt and grey and orange 
mesh athletic shorts. This pig is denoted as P-1. The second pig was measured at 1.19 
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meters and dressed in a red cotton t-shirt along with red polka dot cotton shorts. This pig 
is labeled as P-2. The third pig was dressed in a green cotton t-shirt and green athletic 
shorts and measured 1.20 meters. The pig is denoted as P-3. The final pig’s length was 
measured as 1.13 meters and dressed in a purple cotton t-shirt and blue mesh athletic 
shorts. The final pig was labeled as P-4. The pigs were left on the surface for 30 minutes 
to allow for further insect activity to commence in order to increase decomposition rates 
(Bachmann and Simmons, 2010).
 
Figure 3.1. Clothed specimens (P-1 to P-4) prior to burial.  
 
At 13:50 the pigs were tossed into the primary burial site with the assistance of a 
graduate student volunteer. P-1 was thrown in first (Figure 3.2), followed by P-2 (Figure 
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3.3). Thirdly P-3 was thrown in (Figure 3.4) and finally the fourth pig, P-4, was placed in 
the grave (Figure 3.5). All of the pigs were placed in the grave by 13:56. A quick hand 
drawn map was completed and GPS coordinates were taken of the primary burial. The 
GPS coordinates of the primary burial are 42° 12′ 19.1″ N 71° 25′ 8.9″ W. At 14:14 the 
burial of the four pigs began and was completed at 15:01 with the aid of a student 
volunteer (Figure 3.6). The burial remained undisturbed till the next spring.  
 
Figure 3.2. Position of P-1 in the primary burial. 
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Figure 3.3. Position of P-1 and P-2 in the primary burial. 
 
Figure 3.4. Position of P-1, P-2, and P-3 in the primary burial. 
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Figure 3.5. Position of all specimens in the primary burial.  
 
 
Figure 3.6. Location of the primary experimental mass burial. 
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Secondary Burial 
Four and a half months later on April 15, 2017 the remains were transferred from 
the clandestine primary burial location to a secondary location. This spring date was 
selected as the earth was thawed at this point in time. At the Outdoor Research Facility 
the pigs were removed from the primary burial and moved to a secondary burial by a 
backhoe. At 07:30 the primary grave site was relocated by the author through visual 
indicators including vegetation growth and soil depression. The location for the 
secondary burial was selected approximately 7 meters from the original burial. In 
accordance with BU’s safety policy, a safety officer was present, Chief Michael Cassidy 
of the Holliston Fire Department. The backhoe, a Case CX50B mini excavator, was 
operated by Deputy Mark Dellicker. The operator has 41 years of experience operating 
heavy machinery and has owned a backhoe for 36 years. As outlined in Patel and 
Prajapati (2012), this operator is denoted as an expert with over fifteen years of 
experience.  
The Case CX50B has a bucket thickness of 700 mm and a bucket breakout force 
of 35.3 kN (Figure 3.7). The maximum digging depth of this backhoe is 3.590 mm. It has 
a maximum dump height of 3.680 mm and a maximum digging height of 5.210 mm. The 
operating weight of the machine including the operator, full fuel tank, and bucket is 4.95 
tonnes. The maximum width is 1960 mm and the maximum length is 5230 mm. The 
maximum height is 2600 mm (Case Construction, 2018).  
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Figure 3.7. Bucket of the Case CX50B used in the movement of remains. 
 
The digging of the secondary grave began at 07:45 (Figure 3.8). After the 
secondary grave hole was created, the backhoe operator transferred the specimens as 
quickly and efficiently as possible from the primary burial to the secondary burial (Figure 
3.9-3.10). The operator was instructed to move quickly, inconspicuous as possible, not to 
be concerned for the protection of the remains, and terminate the job once the operator 
believed everything to be out of the original burial. Once the secondary burial was filled 
in, the backhoe operator drove over the area to flatten and smooth the gravesite. The 
entire transfer was completed by 08:15. The GPS coordinates of the secondary grave site 
are 42° 12′ 19.0″ N 71° 25′ 8.9″ W. The process of creating a secondary burial location 
and transferring remains from the primary burial to the secondary burial took 
approximately thirty minutes (Figure 3.11). 
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Figure 3.8. The creation of the secondary burial. 
 
Figure 3.9. Transfer of remains from the primary to secondary location. 
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Figure 3.10. Mixing of soils from the primary and secondary burials. 
      
 
Figure 3.11. Covering and burying the primary burial location. The secondary 
burial is noted in the background. 
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Forensic Archaeological Excavation 
Four months later on August 14, 2017, the archaeological excavation of the 
secondary burial began at the Outdoor Research Facility. A team of graduate students and 
volunteers was assembled to excavate this site. The range of expertise ran from minimal 
to no knowledge of the excavation process to experienced archaeologists. The outline of 
the secondary grave was located through abnormal vegetation growth and probing. Once 
the perimeter was established, a datum point was determined, followed by the creation of 
a 2 meter by 2 meter grid utilizing the triangulation technique. The burial location was 
photographed with vegetation and again, once the area had been cleaned. After the 
perimeter was established and photographs taken, a stratigraphic methodological 
archaeology excavation began. 
Hand excavation was utilized using standard hand tools. Each layer was taken 
down arbitrarily, approximately 10 centimeters deep or when soil color notably changed. 
The levels were labeled horizon A to horizon H (Figures 3.12-3.14). The top soil color 
was scored as 10 YR 5/3 according to the Munsell soil chart. Two different soils were 
detected at horizon A, the colors observed were 10YR 5/6, a more golden brown color, 
and 10 YR 5/3, a soil gray brown in color (Munsell, 2009). At each horizon photographs 
were taken and the altitude of the corners of the grid were taken. On August 21, 2017 the 
unit was expanded to encompass two additional 1 meter by 1 meter grids on the east side 
of the burial site. These two grids were brought down systematically to the same level as 
the other units. The first osseous remain was discovered in level C. Adiopocere was also 
observed at level C. The pigs were found in an advanced stage of decomposition. 
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Minimal elements were completely skeletonized. The masses of adiopocere were located 
and subsequently pedestalled. The pigs were lifted out of the grave and placed on tarps 
for transport to the Boston University Decomposition Field.  
 
 
 
Figure 3.12. Horizon E of secondary burial.  
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Figure 3.13. The Overlapping of P-1 (black arrow) and P-3 (white arrow) in 
horizon E of secondary burial. 
 
 
Figure 3.14. Horizon G of the secondary burial. 
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The exhumation terminated on November 27, 2017 (Figure 3.15). Photographs 
were taken after excavating terminated every day and prior to every day of excavation to 
account for any taphonomic disruptions to the site. No disruptions were noted by the 
author. The masses of adiopocere and bones were labeled and placed in the 
decomposition field of the Outdoor Research Facility. This allowed for remains to 
become more exposed and accessible.  All remains were recovered from the 
decomposition field prior to the first snowfall to be cleaned for analysis.  
 
Figure 3.15. Horizon H of the secondary burial.  
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Maceration Process 
The maceration and cleaning of the remains began at the Outdoor Research 
Facility in December of 2017. The remains were initial sprayed with a hose to clean of as 
much adhering adipocere as possible (Couse and Connor 2015). They were subsequently 
placed in large pots with Biz Stain & Odor® detergent, Dawn Ultra® Dishwashing 
Liquid soap, and water over Oster® hot plates following the maceration process 
described by Fenton et al. (2003). The bones cooked outside for various hours until most 
adhering tissue was removed and the bone were left clean enough for transport to BU’s 
Laboratory 1003, for the final stages of maceration.  
Again, following Fenton et al. (2003), the bones were placed in large Oster® 
crockpots with Biz Stain & Odor® detergent, Dawn Ultra® Dishwashing Liquid soap, 
and water and cooked at 150o overnight. This process occurred in six batches. After 
cleaning, the bones were placed onto trays to dry out under a hood. Afterwards the 
remains were degreased a final time using Dawn Ultra® Dishwashing Liquid soap and 
water. The bones were placed into individually numbered mesh bags and situated into 
large crockpots to prevent commingling. The degreasing process took over twelve hours 
and the bones were cooked overnight. After degreasing the bones were allowed to dry on 
trays prior to analysis.  
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Analysis and Data Collection 
The bones excavated from distinct masses of P-1, P-2, P-3, P-4, and unassociated 
remains from quadrant 2, were laid out in anatomical order at BU’s Osteology 
Laboratory. An initial inventory of bones present and absent were recorded. Once this 
was done, the remains were associated to the correct skeleton. This was done through 
utilizing consistency in bone size, consistency in development, articulation, refitting, and 
pair-matching. Subsequently, an additional inventory was undertaken with associated 
remains. 
Thereafter every bone was evaluated for postmortem breakage. The element, side, 
and skeleton were recorded. Additionally, whether the whole bone was present, if the 
bone breakage occurred to wet or dry bone, number of fractures, fracture location, 
fracture classification, number of associated fragments, and direction of force that caused 
the breakage. 
 
Photography 
 Photographs were taken using a Nikon D5200. Each nearly complete skeleton was 
photographed in full layout. The epiphyses were connected to their appropriate long bone 
with dental wax and reconstructed for the images. Each bone with breakage was 
photographed individually using a Nikon monopod. Medium range images as well as 
close range images with scales were captured.  
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CHAPTER 4:  RESULTS 
 
Recovered Remains: Observed and Expected Frequencies 
 Overall, the majority of skeletal elements were recovered through the 
archaeological excavation (Figures 4.1-4.4). The elements with 100% recovery across all 
four specimens include the crania, facial bones, cervical vertebrae, thoracic vertebrae, 
lumbar vertebrae, ribs, scapulae, humeri, ulnae, radii, pelves, femora, tibiae, and fibulas. 
The sacral vertebrae were recovered at 68.75%. The caudal vertebrae were recovered 
with 16.25% success. The sternebrae were recovered with 10.71% success. No hyoids 
were recovered with a 0% recovery rate. Carpals and tarsals were recovered successfully 
57.5%. The metacarpals and metatarsals were recovered with 76.56% success. The 
phalanges of the upper and lower limbs were successfully recovered 39.58%. 
Additionally, only 37.5% of patellae were recovered (Table 4.1).  
 
Table 4.1. Recovered remains: observed and expected frequencies.  
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Figure 4.1.  Skeletal remains of P-1. The scale is in dm. 
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Figure 4.2.  Skeletal remains of P-2. The scale is in dm. 
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Figure 4.3.  Skeletal remains of P-3. The scale is in dm. 
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Figure 4.4.  Skeletal remains of P-4. The scale is in dm. 
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Frequency of Fractures by Bone Type 
 Not all skeletal elements underwent fracturing. The elements that did not exhibit 
breakage include the cervical vertebrae, lumbar vertebrae, sacral vertebrae, caudal 
vertebrae, sternebrae, scapulae, humeri, ulnae, radii, carpals, tarsals, metacarpals, 
metatarsals, phalanges, pelves, femora, patellae, tibiae, and fibulas. Moreover, the only 
elements with breakage are a thoracic vertebra, ribs, and skulls (Table 4.2).  
 
Table 4.2. Frequency of fractures by element.  
 
Frequency of Fractures Between Pigs 
 Each individual pig exhibited a different frequency of fractures. Overall, 
specimen P-1 presented with fifty-three fractures. These fractures were located on the 
skull, ribs, and a thoracic vertebra. Specimen P-2 had fourteen fractures. The ribs were 
the only elements fractured on this specimen. Specimen P-3 exhibited two fractures on 
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the ribs. Nineteen fractures were observed on specimen P-4. The skull and the ribs were 
fractured in this specimen (Table 4.3). 
 
Table 4.3. Frequency of fractures between specimens. 
  
Frequency of Fracture Type 
 The ribs which demonstrated fractures were classified into three different fracture 
categories; oblique, transverse, and greenstick (Figures 4.5-4.10). Numerous ribs had 
multiple fractures on a single element (Figures 4.11-4.12). Seven ribs had multiple 
fractures noted. Oblique fractures were observed on twenty-four occasions. Rib 
transverse fracture locations were observed eight times. Greenstick fractures were 
observed fourteen times on the ribs. 
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Figure 4.5. Oblique rib fracture of P-4. The scale is in cm.  
 
Figure 4.6. Oblique rib fracture of P-4. The scale is in cm.  
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Figure 4.7. Transverse rib fracture of P-2. The scale is in cm.  
 
Figure 4.8. Transverse rib fracture of P-2. The scale is in cm.  
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Figure 4.9. Greenstick rib fracture of P-2. The scale is in cm.  
 
Figure 4.10. Greenstick rib fracture of P-2. The scale is in mm.  
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Figure 4.11. Multiple rib fractures of P-1. The scale is in mm. 
 
Figure 4.12. Multiple rib fractures of P-1. The scale is in mm.  
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In order to determine if any associate among bone region and fracture type exists 
multiple Chi-Square analyses were run. A Chi-square analysis of the bone region (rib, 
skull, or thoracic vertebra) and oblique fracture type was run. The Pearson Chi-Square 
value was 21.660a, with four degrees of freedom, and a p-value of 0.000.  
Additionally, a Chi-square analysis of the bone region (rib, skull, or thoracic 
vertebra) and transverse fracture type was run.  The Pearson Chi-Square value was 
4.865a, with four degrees of freedom, and a p-value of 0.301.  
 A Chi-square analysis of the bone region (rib, skull, or thoracic vertebra) and 
greenstick fracture type was run. The Pearson Chi-Square value was 10.240a, with four 
degrees of freedom, and a p-value of 0.037. 
 A Chi-square analysis of the bone region (rib, skull, or thoracic vertebra) and 
diastatic fracture type was run. The Pearson Chi-Square value was 53.784a, with six 
degrees of freedom, and a p-value of 0.000.  
 A Chi-square analysis of the bone region (rib, skull, or thoracic vertebra) and 
linear fracture type was run.  The Pearson Chi-Square value was 5.574a, with two degrees 
of freedom, and a p-value of 0.062. 
 A Chi-square analysis of the bone region (rib, skull, or thoracic vertebra) and 
mandibular body fracture type was run.  The Pearson Chi-Square value was 1.793a, with 
two degrees of freedom, and a p-value of 0.000.  
 Only one thoracic vertebra was observed to have a singular fracture. This fracture 
was classified as a posterior shear fracture (Figure 4.13). A Chi-square analysis of the 
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bone region (rib, skull, or thoracic vertebra) and posterior shear fracture type was run.  
The Pearson Chi-Square value was 58.000a, with two degrees of freedom, and a p-value 
of 0.00.  
 
Figure 4.13. Posterior shear fracture of P-1. The scale is in mm. 
 
 The fractures types observed on the skull included diastatic, linear, and 
mandibular body fractures. Diastatic fractures were observed forty-four times. Linear 
fractures were noted on three occasions. A singular mandibular body fracture was 
observed (Table 4.4).  
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Table 4.4. Frequency of fracture type. 
Rib Fracture Locations 
 Breakage of the ribs was observed on the sternal ends (Figures 4.14-4.15), 
vertebral ends (Figures 4.16-4.17), and shafts (Figures 4.18-4.19; Table 4.5). Vertebral 
end fractures were observed seven times. Sternal end fractures were noted fourteen times. 
Rib shaft fractures were observed twenty-five times. 
 
Table 4.5. Frequency of rib fracture location. 
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Figure 4.14. Transverse fracture of the sternal rib end of P-1. The scale is in mm. 
 
Figure 4.15. Oblique fracture of the sternal rib end of P-1. The scale is in mm. 
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Figure 4.16. Oblique fracture of the vertebral rib end of P-4. The scale is in cm. 
 
Figure 4.17. Oblique fracture of the vertebral rib end of P-2. The scale is in cm. 
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Figure 4.18. Oblique fracture of the rib shaft of P-1. The scale is in mm. 
 
Figure 4.19. Greenstick fracture of the rib shaft of P-4. The scale is in mm. 
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Skull Fracture Locations 
 Fractures were predominantly noted along the suture lines of the crania and facial 
bones. The sutures fractured include the coronal suture, sagittal suture, lambdoid suture, 
frontal-parietal suture, naso-frontal suture, midline suture, maxillary-premaxillary suture, 
premaxillary nasal suture, zygomatic-squamosal suture, intermaxillary suture, 
zyomaticomaxillary suture, occipitomastoid suture, and internasal suture (Figures 4.20-
4.24). The linear fractures were observed only on the frontal (Figure 4.25). Additionally, 
only one fracture was observed on the mandible (Figure 4.26).  
 
 
Figure 4.20. Diastatic fractures of P-1. The scale is in mm. 
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Figure 4.21. Diastatic fracture of the nasals of P-4. The scale is in mm. 
 
 
Figure 4.22. Diastatic fracture of the premaxilla of P-4. The scale is in cm.  
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Figure 4.23. Diastatic fracture of the frontal of P-4. The scale is in cm.  
 
 
Figure 4.24. Diastatic fractures of the cranium of P-4. The scale is in cm.  
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Figure 4.25. Linear fracture of the frontal of P-1. The scale is in mm.  
 
Figure 4.26. Mandibular body fracture of P-1. The scale is in mm.  
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Dispersal of Remains 
 The specimens’ grave position was significantly altered between the primary and 
secondary burial. P-1 was the first specimen tossed into the primary burial. Upon 
excavation, P-1 was the most superficially observed specimen, noted at 49.6 cm below 
the surface. P-2 the second specimen to be tossed into the primary burial. Specimen P-2 
was first discovered at 57.8 cm below the surface, the second most superficial specimen 
in the burial. Specimen P-3 was the third pig to be tossed into the primary burial location. 
Upon excavation, P-3 was first observed at 62.5 cm below the surface, the third most 
superficial specimen. Lastly, P-4, the final specimen tossed into the primary burial, was 
first observed upon excavation of the secondary burial, at 74.0 cm below the surface 
(Figure 4.27).  
 The specimen observed most distant from the surface was P-1. Clothing, 
adiopocere, and remains of P-1 were observed at 89.6 cm below the surface. Specimen P-
4 was observed as deep as 85.3 cm below the surface. Specimen P-3 was noted as deep as 
71.6 cm below the surface. Specimen P-2 was observed as deep as 61.6 cm below the 
surface (Figure 4.28).  
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Figure 4.27. 3D Surfer® map of the secondary burial. 
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Figure 4.28. Topographical Surfer® map of the secondary burial. 
Taphonomy 
Taphonomically, the bones exhibited decomposition staining ranging in color 
from yellow, orange, red-orange, grey, to brown (Figure 4.29). The decomposition 
staining was noted along the breakage margins. Postmortem breakage noted on a rib, 
vertebral transverse processes, scapula, and dentition. This breakage occurred during the 
transportation of remains and maceration process. The remains are in weathering stage 0 
(no bleaching or cracking are present), indicating that no long term exposure in an 
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unprotected setting has occurred, as per the descriptive system of Behrensmeyer (1978). 
 
Figure 4.29. Variation of decomposition staining of P-1. The scale is in dm.  
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CHAPTER 5:  DISCUSSION 
 
Recovered Remains: Observed and Expected Frequencies 
 An incomplete archaeological recovery is consistent with different observed and 
expected osseous elements. The missing elements, sacral vertebrae, caudal vertebrae, 
sternebrae, hyoids, carpals, tarsals, metacarpals, metatarsals, phalanges of the upper and 
lower limbs, and patellae are significantly smaller than the elements that were recovered 
100% of the time. The crania, facial bones, cervical vertebrae, thoracic vertebraee, 
lumbar vertebra, ribs, scapulae, humeri, ulnae, radii, pelves, femora, tibiae, and fibulas 
weigh significantly more than the partially recovered elements. These smaller elements 
are also commonly not recovered in forensic and archaeological contexts (Pokines and 
Baker, 2014b). 
 With an incomplete recovery, the question is raised whether the elements were 
simply not recovered or were left behind in the primary burial. This is a feasible 
possibility. Many of the small distal limb bones were not recovered. Skinner and Conner 
(2002) observed a shoe with foot bones unassociated to any other remains in a grave at 
the Tasovcici site that underwent postburial disturbances.  
 
Frequency of Fractures by Bone Type 
 Not all bone types were equally affected by fracturing from the backhoe. Long 
bones with higher portions of compact bone, that can withstand greater forces, were not 
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affected. The ribs and crania are more fragile than long bones and subsequently 
underwent significantly more breakage.  
 
Frequency of Fractures Between Pigs 
 The frequency of fractures differed greatly between pigs. Specimen P-3 exhibited 
two fractures whereas specimen P-1 exhibited fifty-three fractures. Specimen P-1 was the 
first pig tossed into the primary burial. It is probable that this specimen underwent the 
longest exposure to the backhoe teeth with repetitive scoops while the other specimens 
were transferred to the secondary burial. P-3 was the third specimen tossed into the grave 
but was the specimen closest to the top of the primary burial. This location likely 
contributed to it receiving the fewest frequencies of fractures. The two specimens in the 
middle of the primary burial exhibited similar fracture frequencies. P-2 exhibited fourteen 
fractures and P-4 had nineteen fractures. This supports observations made by HRW 
(2003), Kimmerle and Baraybar (2008), Martin et al. (2014), Moraitis and Spiliopoulou 
(2006), Pokines and Baker (2014b), Ubelaker and Adams (1995) that heavy machinery 
can disperse, separate, dismember and break bodies and bones.  
 
Frequency of Fracture Type 
Oblique, transverse, and greenstick fractures were observed on the ribs. As noted 
in Galloway et al. (2013c), oblique fractures are caused by angulation, compression, and 
twisting forces. Transverse fractures are the result of tension and compression forces and 
direct blows. Greenstick fractures are the result of substantial in bending prior to 
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fracturing. These fractures due to compression forces are logical as the forces most 
commonly caused by a backhoe are compression and shear forces. Compression forces 
are created when the bucket of the backhoe, teeth first, lowers into the ground and comes 
in direct contact with an item. Likewise, when the bucket is turned flat, parallel to the 
ground towards the excavator, shear forces, can clip an item. 
Statistically, there were some significant associations noted. The Chi-Square 
analysis of bone region versus oblique fracture type, with a p-value of 0.000 does allow 
for the null hypothesis to be rejected. The p-value ≤ α. This indicates that there is a 
statistically significant association between the variables of bone region and oblique 
fracture type. 
 The Chi-square analysis of bone region versus transverse fracture type, at this 
significance level, at this significance level, with the p-value > α, the null hypothesis 
cannot be rejected and there is not enough data to conclude the variables are associated.  
 The Chi-Square analysis of bone region versus greenstick fracture type, with a p-
value of 0.037 does allow for the null hypothesis to be rejected. The p-value ≤ α. This 
indicates that there is a statistically significant association between the variables of bone 
region and greenstick fracture type. 
 The Chi-Square analysis of bone region versus diastatic fracture type, with a p-
value of 0.000 does allow for the null hypothesis to be rejected. The p-value ≤ α. This 
indicates that there is a statistically significant association between the variables of bone 
region and diastatic fracture type. 
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 The Chi-square analysis of bone region versus linear fracture type, at this 
significance level, with the p-value > α, the null hypothesis cannot be rejected and there 
is not enough data to conclude the variables are associated. 
 The Chi-square analysis of bone region versus mandibular body, at this 
significance level, with the p-value > α, the null hypothesis cannot be rejected and there 
is not enough data to conclude the variables are associated. 
 The Chi-Square analysis of bone region versus posterior shear fracture type, with 
a p-value of 0.000 does allow for the null hypothesis to be rejected. The p-value ≤ α. This 
indicates that there is a statistically significant association between the variables of bone 
region and posterior fracture type. 
Diastatic fractures of the skull were the most frequent fracture type across all 
specimens. This is likely due to partial fusion of the cranial elements. This type of 
fracture is an extension and variation of a linear fracture that diverts into a suture. Linear 
fractures generally occur from a large mass of force. Diastatic fractures are common 
among children (Galloway et al., 2013c), and it is noteworthy in the juvenile pig remains.  
As stated above, backhoes can create shear forces when the bucket is flattened, 
this is consistent with the forces needed to sustain a singular posterior shear fracture 
noted on the thoracic vertebra.  
Ubelaker and Adams (1995) observed butterfly fractures resulting from heavy 
machinery, however no butterfly fractures were noted in this study. Martin et al. (2014) 
note that a backhoe caused many different fractures and postmortem changes. Green 
fractures, peeling on cranial and postcranial elements, smooth spiral breaks, longitudinal 
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breaks, crushing, and warping were observed at La Plata assemblage. This research 
supports multiple observable fractures. Greenstick fractures were observed in this study 
similar to Martin et al. (2014) however, other fractures not observed at La Plata were 
noted.  
 
Rib Fracture Locations 
 The majority of the ribs were fractured at the shaft. Mid-shaft fractures are often 
the result of anterior compression. This likely occurred as the compressive and torsion 
forces from the backhoe were applied to the anterior margins of the specimens’ rib cages. 
Anteroposterior compression of the rib cage will generally occur at the lateral curvature 
and if directed toward the spine it will cause fractures near the vertebral end of the rib. 
The larger the impact site of the force, the more numerous the fractures. Many ribs were 
observed to have multiple fractures on a single element which implies the force from the 
backhoe had a broad impact site.  
 
Skull Fracture Locations 
 The large number of diastatic fractures in the juvenile skulls is apparent. Jordana 
et al. (2013) noted in their study looking at skull fractures resulting from sharp force and 
blunt force impact that the majority of the applied forces dissipated through the sutures of 
fresh bone resulting in diastatic fractures. The findings of this study report similar results.  
 
Spatial Analysis of Remains Dispersal   
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 The grave position of each specimen was considerably dispersed between the 
primary and secondary burial. The order in which the specimens were placed into the 
primary burial was the same order in which the pigs were uncovered in the secondary 
burial. In other words, the specimen (P-1) buried the deepest in the primary burial was 
buried the most superficially and was uncovered first in the secondary burial. Specimen 
P-2 was buried second in the primary and uncovered second in the secondary burial. 
Specimen P-3 was buried third in the primary grave and uncovered third in the secondary 
burial. The final specimen tossed into the primary burial was discovered the deepest into 
the secondary burial.  
 These are expected results as it is likely the backhoe scooped the most superficial 
specimen from the primary burial and dropped the specimen deepest into the secondary 
burial. The deepest specimen of the primary burial was transferred last to the secondary 
burial and thus the most superficial specimen of the secondary burial.  
 Notably, the most deeply buried specimen from the primary burial, P-1, was first 
observed as the most superficial specimen of the secondary burial, was additionally 
observed the deepest into the secondary burial at 89.6 cm. This specimen underwent the 
most postmortem damage and had the most dispersal of the specimens. Specimen P-4 
was also observed deep in the secondary burial at 85.3 cm. This was the first specimen to 
be transferred into the secondary burial. Specimen P-3 was noted as the third most deeply 
observed specimen at 71.6 cm below the surface. Finally, specimen P-2 was observed as 
deep as 61.6 cm below the surface and was likely one of the last specimens to be 
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transferred from the primary burial which explains the specimen’s more superficial 
burial.  
 
Taphonomy  
Taphonomically, the bones exhibited yellow, orange, red-orange, grey, and brown 
decomposition staining. The decomposition staining was noted on the breakage margins 
indicating the various elements were broken when wet. A weathering stage 0 (no 
bleaching or cracking are present), as per the descriptive system of Behrensmeyer (1978), 
is expected as the remains were contained in a burial environment and protected by soft 
tissue and adiopocere. The remains were not exposed to the elements long enough to 
undergo weathering.  
 
Hypotheses  
Hypothesis #1: Disarticulation and fragmentation of remains will occur as a result 
of a backhoe burial, is supported. Hypothesis #2: Significant changes in horizontal and 
vertical plane of remains will occur is also supported. Hypothesis #3: Unique fracturing 
will occur from the trauma inflicted by a backhoe. Various types of fracturing occurred 
on numerous elements. The ribs presented with transverse, oblique, and greenstick 
fractures. These breakages did occur at different rates. Additionally, the skull presented 
with multiple types of fracturing. Diastatic fractures were most commonly observed. Not 
enough data was collected in order to support this hypothesis. Hypothesis #4: 
Frequencies of the number of fractures will differ between bones is supported as fractures 
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were observed in different frequencies in only three elements, a thoracic vertebra, ribs, 
and the skull is supported. Hypothesis #5: Frequencies of fracture types will differ 
between bone types is also supported.  
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CHAPTER 6:  CONCLUSIONS 
 
 This research is the first of its kind to investigate the effects of heavy machinery 
on clothed buried remains in a controlled environment. This study has compiled vast 
photographic evidence of the breakage that heavy machinery can cause on juvenile sus 
scrofa remains. Moreover, this study is the first of its kind to investigate remains 
dispersal of specimens in a known location in a primary and secondary burial within a 
controlled setting.  
 
Backhoe Taphonomy 
Taphonomically, sus scrofa remains were disarticulated, dispersed, and 
fragmented. This supports previous research. Prior research has found that heavy 
machinery can disperse, separate, dismember and break bodies and bones (HRW, 2003; 
Kimmerle and Baraybar, 2008; Martin et al., 2014; Moraitis and Spiliopoulou, 2006; 
Pokines and Baker, 2014b; Ubelaker and Adams, 1995). This supports hypothesis #1 of 
the author. Along with the fragmentation and disarticulation of remains, the specimens’ 
location changed drastically from one burial to the next burial. The specimen at the 
bottom of the primary burial exhibited the highest frequency of fractures. The lowest 
frequency of fractures was observed in the specimen closest to the surface. This 
information supports hypothesis #2.  
The backhoe created diastatic, mandibular body, linear, posterior shear, oblique, 
transverse, and greenstick fractures. The author observed seven different types of 
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fractures with varying frequencies and therefore hypothesis #3 is not supported. 
Additionally, the backhoe disproportionately affected certain skeletal regions. Breakage 
was only noted on the skull, ribs, and a singular vertebra. This supports hypothesis #4.  
An association between the body region and oblique fractures, greenstick fractures, 
diastatic fractures, and posterior shear fractures were found to be independently 
associated variables and allows the author to support hypothesis #5. 
Parsing all the research evidence together, the author observed the taphonomic 
effects of heavy machinery. The backhoe was noted to disarticulate, fragment, and 
disperse remains. The backhoe created fractures through compression, shear, and torsion 
forces including diastatic, mandibular body, linear, posterior shear, oblique, transverse, 
and greenstick fractures. No unique fracturing occurred as a result of the backhoe 
damage. This research demonstrates that not all bone regions are equally damaged by a 
backhoe. Long bones and smaller elements were not affected in the same capacity as the 
skull and ribs.   
 
Spatial Analysis of Remains Dispersal   
 The four specimens reburied with the backhoe were affected differently. This 
difference in trauma is due to the specimens’ burial position. The pig, P-1, at the bottom 
of the primary burial possessed the highest frequency of fractures by far. The pig closest 
to the earth’s surface in the primary burial, P-3, although not the ultimately placed 
specimen, presented with the lowest frequency of fractures.  
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The position of each specimen within the primary and secondary burial changed 
significantly. The order in which the specimens were tossed into the primary burial was 
the equivalent succession in which the pigs were discovered in the secondary burial. In 
other words, the deepest buried specimen (P-1) of the primary burial was buried the most 
superficially and discovered first in the secondary burial. Specimen P-2 was buried the 
second deepest in the primary burial was uncovered second in the secondary burial. 
Specimen P-3 was buried third at the primary burial site. This specimen was subsequently 
uncovered third in the secondary burial. The final specimen tossed into the primary burial 
was uncovered deepest into the secondary burial. 
The specimen, P-1, that underwent the most postmortem breakage was 
continually uncovered the deepest in the secondary burial. This specimen was originally 
discovered as the most superficial specimen. However, specimen P-1 was still uncovered 
up until 89.6 cm, deeper than any other specimen.  
The forensic exhumation of the secondary burial did not yield a one hundred 
percent complete recovery of all remains. Smaller distal limb bones such as the carpals, 
metacarpals, tarsal, metatarsals, and the petite sacral and caudal vertebrae were not 
recovered during the archaeological excavation. This suggests the remains were simply 
not recovered due to an imperfect excavation or were not transferred from the primary 
burial. If these smaller bones were left behind in the primary burial this knowledge may 
aid in sorting commingled remains from secondary, tertiary, or multiple burials. Skinner 
and Conner (2002) observed an unassociated shoe with foot bones at the Tasovcici site 
that was known to have undergone heavy machinery postburial disturbances. This 
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research supports this finding if the bones of the front and hind legs (carpals, tarsals, 
metacarpals, and phalanges) were left behind in the primary burial and not transferred to 
the secondary burial site.  
More knowledge on the distribution pattern of remains discovered in a secondary 
internment will aid in associating commingled remains to the appropriate individual in a 
more efficient manner. Having a better understanding of fracture patterns, taphonomy, 
and the distribution of trauma caused by heavy machinery will aid forensic investigators 
in distinguishing perimortem from postmortem trauma and provide evidence for war 
crimes and massacres. 
 
Implications  
Although non-human specimens were utilized in this study, these results 
demonstrate the variety of damage heavy machinery can have on osseous remains. The 
breakage occurred while the bone was still wet which was supported by the 
decomposition staining noted on the fracture margins. Understanding how the 
compression, shear, and torsion forces from heavy machinery are presented in remains is 
of importance in today’s world. There are over seventy-two mass burials in Iraq and 
Syria. It is documented that numerous victims were buried with heavy machinery. These 
burials are still awaiting in-country stability for the exhumation of these mass graves. The 
author believes this research may aid in documenting war crimes and human rights 
violations in this particular case. This is simply one example. Unfortunately, genocide, 
war crimes, massacres, and mass inhumations are not terminating and the need for 
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understanding the spatial distribution of remains in primary and secondary burials is 
pertinent in today’s world.  
 
Limitations 
One of the main limitations of this study was the use of animal remains as proxy 
for human remains. The macrostructure and microstructure of animal and human remains 
are not synonymous. These results cannot be applied directly to human remains but is the 
first study to look at the taphonomic effects of a backhoe in a controlled environment. 
The study was also limited in its sample size of only four specimens due to monetary 
constraints. Additionally, time was a great limitation, as the program length did not allow 
for complete skeletonization of remains. The exhumed remains were in the late stages of 
decomposition and individual osseous elements could not be mapped in. This limited the 
level of accuracy of a spatial analysis of the dispersal and disarticulation of remains.  
 
Future Research 
Future research would benefit from an increased sample size as the majority of 
mass graves consist of more than four individuals. Moreover, the research would benefit 
from utilizing human remains instead of animal proxy. This research could be obtained 
by a case study analysis of one of the hundreds of unexcavated mass graves across the 
globe particularly in Iraq, Syria, and Central and South America. In addition, future 
research should investigate backhoe taphonomy and breakage in dry skeletonized 
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remains. Further research can investigate different types of construction equipment 
including but not limited to larger backhoes, bulldozers, dump trucks, or track hoes. 
If time was not a limiting factor, a spatial analysis utilizing total station or other 
new mass grave mapping technology, of defleshed and skeletonized remains would be of 
great significance to aid to the literature in strategies for sorting and reassociating 
commingled remains.   
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